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Abstrak 
'Proliferating cell nuclear antigen' (PCNA) dan K.i-67 adalah diantara dua molekul-
molekul penting yang eli ekspreskan oleh sel-sel yang sedang berproliferasi. Mereka 
adalah mustahak semasa proses sintesis DNA. Kami menggunakan antibody-antibodi 
( dengan system DAKO EPOS) terhadap kedua-dua protin ini kepada 54 kes barah kolon 
yang ditahap 'Duke's stage' yang berbagai untuk melihat kadar ekspresi protin-protin 
berkenaan dan juga bagi menilai kaitan kadar ekspresi dan tahap barah mengikut 
'Dukes' stage'. Daripada penelitian kajian ini kami mendapati .bahwa kadar ekspresi 
protein PCNA adalah sangat tinggi didalam kes-kes barah kolon tetapi kadar ekspesinya 
tidak langsung berkaitan dengan tahap 'Dukes' stage' nya. Untuk protin K.i-67 pula kami 
gagal menunjukan sebarang ekspresi dengan mengunakan sistem ini. Kesimpulanya kami 
dapati ekspresi PCNA sangat tinggi dalam kes barah kolon tetapi kadar ekspresi tidak 
berkait dengan tahap penyakit. Ekspresi Ki-67 mungkin boleh dilihat dengan lebih baik 
sekiranya mengunakan tisu yang masih segar berbanding tisu yang telah diproses dengan 
formalin. 
Abstract 
Proliferating cell nuclear antigen (PCNA) and Ki-67 are the two important 
molecules expressed by the proliferating cells. They are important during the 
DNA synthesis. We applied the antibo~es (using DAKO EPOS system) 
against these two proteins to a series of 54 cases of colorectal 
adenocarcinoma of various Dukes' stages in order to observe the degree of 
expressions and their relationship with Dukes' stage. Our study showed, 
regardless of the Dukes' stage almost all cases are strongly expressed 
PCNA. However we failed to demonstrate the expression of Ki-67. We 
conclude that expression of PCNA is strong in colorectal carcinoma but the 
degree of expression has no relationship with the Dukes' stage. Expression 
of Ki-67 is probably best seen if we use fresh tissue rather than formalin 
ftxed paraffm embedded tissue. 
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Abstract 
Proliferating cell nuclear antigen (PCNA) and Ki-67 are the two important 
molecules expressed by the proliferating cells. They are important during the 
DNA synthesis. We applied the antibodies (using DAKO EPOS system) 
against these two proteins to a series of 54 cases of colorectal 
adenocarcinoma of various Dukes' stages in order to observe the degree of 
expressions and their relationship with Dukes' stage. Our study showed, 
regardless of the Dukes' stage almost all cases are strongly expressed 
PCNA. However we failed to demonstrate the expression of Ki-67. We 
conclude that expression of PCNA is strong in colorectal carcinoma but the 
degree of expression has no relationship with the Dukes' stage. Expression 
of Ki-67 is probably best seen if we use fresh tissue rather than fonnalin 
fixed paraffm embedded tissue. 
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INTRODUCTION 
Adenocarcinoma of the large bowel is one of the commonest 
malignant tumours seen in daily practice. The pathologic parameters (i.e. 
depth· of. invasion, lymph node involvement and distant metastasis), 
however, do not reflect the biological behaviour of individual cancer. 
Dukes' staging system is popularly used because of its direct relationship 
with prognosis (1,2). 
Cellular proliferation is a fundamental biological activity that may be 
a useful adjunct to histological based twnor classifications in understanding 
the biologic behaviour of tumors. In recent years, research on colorectal 
cancer has focused on identifying the relationship between malignant 
potential of neoplasm and cellular proliferative activity, although reliability 
as to the prognostic significance derived from various methods of cell 
proliferation remains conflicting. 
Proliferating cell nuclear antigen (PCNA) (initially known as cyclin), 
is an evolutionarily highly conserved 36 kDa molec.ule, and its expression is 
necessary for DNA synthesis. It functions as a co-factor for DNA 
3 
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polymerase S in both S phase and also in DNA synthesis associated with 
DNA repair (3,4). It has a very long protein half life such that on exit from 
M phase cells will have detectable levels of PCNA for prolonged periods. 
PCNA has been foood to be a useful marker in immunohistochemical 
analysis of cell kinetics because its expression and distribution correlate with 
the rate of cell proliferation and DNA synthesis. 
Ki-67 is another proliferating protein, which tightly linked to the cell 
cycle. The molecule begins to be expressed in mid G 1, increasing in level 
through S and G2 and peaking in M (5). However the function remains 
unclear but it may represent a structural protein that maintains the higher 
order structure of DNA during the important events of mitosis (6). 
In this retrospective study, we investigated the degree of PCNA and 
Ki-67 expressions at the invasive tumor margin of resected colorectal 
carcinoma specimens seen at Histopathology laboratory University Science 
Malaysia and compared it with the various Dukes' stages by a semi-
quantitative immunohistochemical study using PCNA and Ki-67 
monoclonal antibody of DAKO EPOS system. This study also aims to test 
the EPOS system briefly. Enhanced polymer one-step staining (EPOS) has 
4 
recently been developed by Bisgaad et al. As a highly sensitive 
immunohistochemical method (7). The EPOS antibody consists of high 
molecular weight polymers (Dextran), on which numbers of molecules of 
antibody and horseradish peroxidase (HRP) are bound covalently. This 
novel technique enable to immunostain in one step. Because of its rapidity 
and simplicity, people have tried this procedure to assist with intra-operative 
frozen diagnosis. 
The main aim of this study is to observe the pattern of expression of 
PCNA and Ki-67 in colorectal carcinoma and to correlate the degree of 
expression with the various Dukes' stage. 
Materials and methods 
Cases of adenocarcinoma of the large bowel were retrieved from the 
Department of Pathology HUSM registry record from 1992 till 1999. Only 
the tumour resected specimen done in HUSM for that particular period was 
included in this study. Base line data i.e. age of the patients, clinical 
presentation and sites of the tumour was recorded. 
5 
The relevant slides than were retrieved and the Dukes' stage was 
reviewed. The histological staging used is the classic Dukes' stage for 
colonic cancer. The tumour is stage as A when it is confined to the wall of 
the bowel, without regional lymph node involvement. Stage B is when there 
is wall penetration up to the serosa and without regional lymph node 
involvement. Stage C Is when the regional lymph node is involved 
(regardless of level of wall invasion). 25 cases from each Dukes' stages were 
than randomly chosen. This followed by resection of the relevant tissue 
blocks for immunohistochemistry. Tissue blocks containing the deepest 
invasive tumour margin were selected. Areas with extensive tumour 
necrosis were excluded. All tissues used were formalin fixed and embedded 
in paraffm wax blocks. 
Immunohistochemistry was done using the DAKO EPOS SYSTEM 
for PCNA (monoclonal antibody) and K.i-67 (polyclonal antibody). EPOS 
system is a manufacture's ready made conjugate of specific antibody and 
horseradish peroxidase coupled to an inert polymer backbone. In addition 25 
normal colonic mucosa were used as a positive control. Degree of 
expression was then studied under the light microscope. The degree of 
expression is graded as weak expression when there is less than 5 Oo/o of the 
6 
" 
cells show intranuclear expression. While when there is more than 50% of 
the cells show intranuclear expressio~ we grade it as strong expression. No 
grade is given when there is no expression at all. The result obtained was 
than analysed. 
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RESULTS 
There were a total of 92 colectomy specimens for adenocarcinoma of 
the large bowel received in the Pathology lab. of HUSM, between January 
1992 and December 1999. Histology review showed all the cases are 
moderately differentiated adenocarcinoma. The cases were re-staged using 
the classical Dukes' staging system for colorectal cancer (table 1). Most of 
the cases are in stage B (50%), followed by stage C (46%) and stage A (only 
4%). 
From this, 54 cases were randomly chosen (25 cases from each 
Dukes' stage). Unfortunately there were only 4 cases for Dukes' A available 
during the period of this study. This is basically due to the rareness of 
Dukes' A in daily practice (10-15%). Therefore our figure here (4% 
incidence for Dukes' A) is not really a reliable one. Generally, table 1 
doesn't reflex the true incidence of this malignancy in HUSM I Kelantan 
because this data is only base on the tumour resected received in our lab. 
The true figure may be higher. The age distribution of all patients is 
displayed in table 2o Majority patients are between 40 - 79 of age (72% 
were above 50). Most of the patients are Malays (73%) ( table 3 )o This is 
mainly because Malay is the dominant ethnic group in Kelantan. While 
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number of male patients is slightly more than female ( table 3 ), with a ratio 
of 1.2: 1. Most of the tumours occurred in the rectosigmoid region (87%), 
(table 4) and altered bowel habit is the commonest clinical presentation or 
complained made by the patients (93%), (table 5 ). 
The results of immunohistochemistry using the EPOS SYSTEM to 
detect PCNA in relation with the Dukes' stages is displayed in table 6. 
From table 6 we can see that all carcinoma of the large bowel in our study 
expressed PCNA. Majority cases, regardless of their Dukes' stage show 
strong expression for PCNA ( 76% for Dukes' Band 64% for Dukes' C). 
While for Dukes' A the figure here is not really significant because of the 
small number of sample.· However base on our four cases, 50% showed 
strong expression. Therefore it is obvious that from this study, the degree 
ofPCNA expression does not correlate with Dukes' stage. 
Unfortunately for Ki-67, the EPOS system failed to work as 
expected. Even the normal colonic mucosa ( +ve control) failed to 
demonstrate K.i-67. The EPOS system is a manufacturer ready-made kit 
that we can't alter the dilution. We have followed every single steps 
provided with the kit. Therefore 1\~ ~ecific conclusion can be made from 
9 
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this result. Even though the manufacturer claimed that the EPOS system for 
Ki-67 can also work with formalin ftxed tissue, our study failed to support 
this. We believe expression of Ki-67 is still best seen using fresh tissue 
rather than paraffin embedded formalin fixed materials (8,9, 1 0). 
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Discussion 
Carcinoma of the large bowel is the second leading cause of cancer 
death in most countries with a western-type of diet. In Malaysia it ranks as 
the one of the ~en most important cancers. 7% of all cancers presented to the 
Institute of Radiotherapy and Oncology in Kuala Lumpur Hospital (1992) 
were due to colorectal carcinomas.Colorectal carcinomas in this study 
occured more commonly over the age of 50 years (72.8%). In HUSM, as in 
HKL (Lakhwani et al), colorectal caricnomas is more frequent in men than 
women in the ratio of 1.2 : 1. This is in contrast to foreign studies where 
colorectal carcinomas were found to occur in equal frequency in both sexes. 
However, the males in our study were not as highly at risk of developing 
colorectal carcinomas as their counterparts in Kuala Lumpur (1.2:1 versus 
3.1: 1 ). The proportion of colorectal carcinoma was highest among Malays 
(73%) compared with other races. This is mainly because Malay is the 
dominant ethnic group in Kelantan. 
Dietary differences (where there is generally more fat and animal 
protein consumption), environmental and genetic factors may have a role in 
the pathogenesis of this malignancy (11). A case-controlled study on 
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colorectal carcinoma done in Singapore where dietary habits are similar to 
Malaysia, showed a predisposing effect of a high meat to vegetable 
consumption. and a protective effect of high cruciferous vegetable intake. 
Studies by Vogel et a1 and Burkitt showed a relation-ship to dietary fibre 
between the developed and developing world. 
For carcinoma of the caecum, ascending colon and hepatic flexure, 
abdominal pain is the most important symptom followed by change in bowel 
habits and loss of appetite and weight. While alteration in the bowel habits 
according to Knighley is most common in left sided tumours, followed by 
bleeding per rectum, abdominal pains and mucous discharge per rectum. In 
this study, 93% of patients presented with altered bowel habit. Palpable 
abdominal mass (only 4%), is most commonly seen in the right-sided 
colonic tumors rather than left (most often a late sign). Other presentations 
like tenesmus, fistulae and malaise were infrequent. About 87% of all 
colorectal carcinomas in our study occurred in the recto sigmoid. Whereas in 
western studies the incidence is about 50%. Transverse colon is indeed a 
rare site for colonic carcinomas. In some western countries there is a 
tendency towards the proximal colon malignancy. 
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S-phase fractions proteins determined by flow cytometry is often used 
for proliferation studies, but the quantitative information provided 1s 
affected by non-tumour cell contamination. Also complex instrumentation 
is required. Cell kinetic information obtained from immunohistochemical 
techniques has the .part.icular advantage of maintaining spatial orientation of 
proliferating cells with tissues. The most extensive approaches attempting to 
correlate immunohistochemical cell cycle - specific antibody staining with 
other indexes of cell proliferation and with clinicopathologic parameters has 
been performed using antibodies to bromodeoxyuridine, Ki-67 and 
antibodies to PCNA. The main drawbacks to using the former two are the 
need of bromodeoxyuridine for in vivo administration or in vitro incubation 
of fresh tissue (i.e. short-term culture of tissue specimen) and that of Ki-67 
for fresh and frozen tissue. In this context, PCNA is accepted as one of the 
simplest technique for retrospective assessment of cell proliferation kinetic 
using conventional paraffm-embedded tissue. 
One of the most important prognostic factors in colorectal carcinoma 
is the Dukes' stage. It is an established fact that Dukes' stage correlate well 
with prognosis. However in om study, it is clear that the relationship 
between PCNA expression and Dukes' stage is very poor (refer table 6, chi-
13 
square test showed the p value was 0.4674). Regardless of the Dukes' stage, 
almost all colorectal carcinoma show very strong PCNA expression. The 
figure for Dukes' A may be not so statistically significant due to very small 
number of samples. However base on our small sample 50% of them showed 
strong expression. Therefore we conclude that PCNA expression cannot.be 
used together with the Dukes' stage in predicting the prognosis of the 
patient. A few articles also recently being published showed conflicting 
results (8,9). Unfortunately we failed to study the pattern of Ki-67 
expression in this tumour. It was reported that expression of Ki-67 is best 
demonstrated using fresh tissue rather than formalin fixed paraffm-
embedded tissue. This probably tlie reason why our experiment failed. 
In summary our data shows that the cellular proliferation, as 
measured by PCNA immunohistochemical staining, doest not reflect the 
biological malignancy of colorectal carcinoma and poor correlation with the 
conventional established Duke's staging system. However some authors 
agree that PCNA is a predictor of biologic aggressiveness of colorectal 
carcinomas and association between Duke's stage and twnou\r cell 
proliferation exist. This discrepancy may be due to the variability in the site 
of the tumour used in assessing PCNA. While some researchers assessed 
14 
PCNA expression by taking certain number of fields randomly throughout 
the cancerous lesions, other chose the crypts and still others the area 
immediately adjacent to the tumor. 
Acknowledgements 
We thank all the surgeons in HUSM for providing the specimen, all 
the pathologists involved in the reporting of the cases and the supportive 
staffs of histopathology lab. HUSM for their technical support. Finally not 
least the Universiti Sains Malaysia short term grant no. 331/0500/3105. 
lS 
References: 
1. Rich T, Gunderson LL, Lew R, Galdibini JJ, Cohen AM, Donaldson G, 
Patterns of recurrence of rectal cancer after potentially curative surgery. 
Cancer 52:1317-1329, 1983. 
2. Wolmark N, Fisher B, Wieand HS :The prognostic value of the 
modifications of the Dukes' C class of colorectal cancer. An analysis of 
the NSABP clinical trials. Ann Surg 203:115-122, 1986. 
3. Shivji KK,, Kenny 1vfK, Wood RD. Proliferating cell nuclear antigen 
(PCNA) is required for DNA excision repair. Cell1992;69:367-7 4 
4. Hall PA, McKee PH, Menage HP, Dover R, Lane DP, High levels ofp53 
protein in UV-irradiated normal human skin. Oncogene 1993;8:203-7. 
5. Gerdes J, Lemke H, Baisch H, Wacker H-H, Schwab U, Stein H. Cell 
cycle analysis of a cell proliferation -associated human nuclear antigen 
defmed by the monoclonal antibody K.i-67. J Immunoll984;133:1710-5 
16 
.-
6. Sawhney N, Hall PA. Ki-67 - structure, function and new antibodies. J 
Path<?11992;168:161-2. 
7. Bisgaad K, Linme A, Rolsted H, Pluzek K-Z. Polymeric conjugates for 
enhanced signal generation m enzyme linked immm1oassays. XXIVth 
Annual Meeting of Scandinavian Society for Immunology, Aathus, 
Denmark, 1993(Abstr.) 
8. Rosa JC, Mendes R, Filipe :MI, Moris RW. Masurement of cell 
proliferation in gastric carcinoma: comparative analysis ofK.i-67 and 
PCNA. Histochem J Feb 1992 24 (2) p93-101 
9. Gene~i A, Berenzi A, Grigolato .P. Growth fraction of colorectal 
carcinoma (Ki-67) : a comparative study. lnt J Bioi Markers Apr-Jun 
1992 7 (2) p93-6. 
10. Dervan PA, Magee HM, Buckley C, Carney DN. Proliferating cell 
nuclear antigen counts in formalin-fixed paraffm-embedded tissue 
correlate with Ki-67 in fresh tissue. Am J Clin Pathol May 1992 97 
(5 Suppll) 
17 
ll.Mendeloff AI:Dietry fiber and the gastrointestinal tract. Critical 
.. 
assessment. In Beek JE ( ed): Development in digestive diseases, 
It-
Philadelphia, 1979. Lea & Febiger, pp. 43 - 56 
I . 
18 
Table 1. Distribution of cases base on Dukes' staging system 
Dukes' stage Number of cases (%) 
I .. 
't 
; H A 4 (4%) 
B 46 (50%) 
c 42 (46%) 
Total 92 cases 
19 
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Table l. Age distribution 
Age groups 
20-29 2 
30-39 8 
40-49 15 
50-59 23 
60-69 22 
70-79 18 
80-89 3 
90- 100 1 
Total 92 
Mean age: 59 
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Table 3. Ethnic distribution 
Male Female Total 
Malay 37 30 67 (73%) 
Chinese 12 10 22 (24%) 
Indian 0 0 0 
Others 2 1 3 (3%) 
51(55%) 41(45%) 92 
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Table 4. Sites of the tumour 
A 
IP Sites Nwnber of cases 
Caecum 4 
Ascending colon 2 
Transverse colon 4 
Descending colon 2 
Recto sigmoid colon 80 (87%) 
Anus 0 
Total 92 
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Table 5. Clinical presentation 
Main clinical presentation Nwnberof 
cases 
Altered bowel habit 86 (93%) 
Perectal bleeding 2 
Mass per abdomen 4 
92 
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Table 6. Degree ofPCNA expression in various Duke's stages of 
colorectal carcinoma. 
Degree of PCNA expression 
Dukes' stage Weak Strong Total 
Dukes' A 2 (50%) 2 (50%) 4 
Dukes' B 6 (24%) 19 (76%) 25 
Dukes' C 9 (36%) 16 (64%) 25 
-
Total 17 37 54 
X2 = 1.52 p = 0.4674 
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